Introduction
Chronic inflammation -which is characterized by the continuous presence of inflammatory cytokines in circulation and in the tissues -is known to play a key role in the development of various diseases of the central nervous system (CNS) [1, 2] . In particular, it has been shown that chronic inflammation is important in triggering the development of multiple sclerosis (MS), which is also the most common inflammatory demyelinating disease of the CNS [1] . MS is the most common cause of neurological disability in young adults, with a distinctly higher prevalence between the ages of 20 and 40 years and among women [3] . The neurodegenerative disease disables patients with a wide range of chronic symptoms including fatigue, tremors, spasticity, pain, numbness of limbs, bowel and bladder dysfunction and cognitive problems [3] . Recent studies have shown a growing prevalence of MS in tropical and sub-tropical regions such as Iran, indicating that the distribution of MS is not following the latitude gradient exactly [4] . In Iran, incidence of MS has been increasing dramatically over recent years; Isfahan and Tehran provinces were defined as high-risk areas for MS [5, 6] . The etiology of MS is complex and multifactorial and involves genetics as well as environmental factors such as diet and other aspects of lifestyle [6] . Several stud-ies have examined the association between dietary intake and food groups and MS [7] [8] [9] [10] [11] [12] .
Diet represents a complex set of exposures that often interact, and the cumulative effect modifies both inflammatory responses and health outcomes. A literature-derived, population-based dietary inflammatory index (DII) was developed to assess the inflammatory potential of an individual's diet [13, 14] and has been validated with various inflammatory markers, including C-reactive protein [14, 15] , interleukin-6 [16, 17] and homocysteine [17] . Among other outcomes, DII has been shown to be associated with asthma in Australia [16] , colorectal, pancreatic and prostate cancers [17] [18] [19] [20] [21] .
Our hypothesis is that a higher DII score (indicating a pro-inflammatory diet) is associated with increased risk of incident MS. In the current study, we thus examined this putative association using a case-control study conducted in Iran [22] . This provided original information on an Iranian population where dietary and lifestyle habits and awareness of diet-related health issues are different from those in North America and Europe.
Methods
This was a hospital-based case-control study, conducted from March 2011 through January 2012 in Tehran city, the capital of Iran. Seventy cases were selected by sequential sampling from patients referred by Tehran MS Society to Sinai Hospital Neurology Clinics. Patients with MS clinically defined according to the McDonald criteria [23] , who were diagnosed less than a year before recruitment, were included in the study. Other inclusion criteria were age between 20 and 60 years and that patients did not introduce changes to their diets since diagnosis. We included only incident cases in the study in order to reduce the probability that subjects changed their diet substantially since diagnosis. A total of 142 controls were recruited from the same hospital. They were admitted to the hospitals for various medical issues (eye or nose disorders, skin diseases, fractures and sprains, for trauma and injuries, and for other illnesses, for example, removal of plates, pins, screws and wires). Exclusion criteria for controls were previous diagnosis of cancer, inflammatory diseases of the peripheral nervous system, gastrointestinal and liver diseases, endocrine and metabolic disorders, immune system disorders and following a special diet (e.g., weight-loss or vegetarian diet). Controls were matched to cases on age (±5 years) and sex. Data for 2 controls and 2 cases were excluded from the analysis because their log scales of total energy intake were >|3| SD from the mean. The final study sample included 68 cases and 140 controls, representing a response rate of 85% for each. Protocols and procedures of this study were approved by the Ethics Board of the National Nutrition and Food Technology Research Institute (No. 114), Iran, and all participants provided written consent, after being informed of the purpose of this research, indicating their willingness to participate.
Professionally trained dietitians interviewed all cases and controls using structured pretested questionnaires. They evaluated the sociodemographic characteristics (age, sex, education, monthly family income and place of residence), birth season and location of patient, parental age at birth, feeding of cow's milk in infancy, history of rubella and measles infection, family history of MS, vitamin D supplement intake before disease diagnosis and smoking history (status, duration and intensity). Weight measurement was performed with subjects standing on digital scales (Soehne, Berlin, Germany), minimally clothed and without shoes, and weight was recorded to the nearest 100 g. Height was measured without shoes using a non-stretch meter tape fixed to a wall, and it was recorded to the nearest 0.5 cm. Body mass index (BMI) was calculated by dividing the subjects' weight in kilograms by the square of height in meters. Participants' dietary intake during the past year was assessed using a valid and reliable semi-quantitative food frequency questionnaire (FFQ) [24] , which was based on the Harvard (Willett's) FFQ [25] modified to demonstrate an accurate representation of the Iranian diet. This interviewer-administered FFQ consists of 125 food items with standard serving sizes, and participants were asked to specify their consumption frequency for each food item on a daily, weekly, monthly or yearly basis. Nutrient consumption was then calculated using the Nutrients Composition of Iranian Foods [24] supplemented with the USDA Food Composition Data. The consumption of alcohol was not asked to our participants due to their cultural beliefs and concomitant low levels of intake and, therefore, was not included in the analysis. FFQ-derived dietary data were used to calculate DII scores for all participants. The DII is based on literature published through 2010 linking diet to inflammation. Individuals' intakes of food parameters on which the DII is based are then compared to a world standard database. A complete description of the DII is available elsewhere [13] . A description of validation work, including DII derived from both dietary recalls and a structured questionnaire similar to an FFQ and related to interval values of hs-CRP, is also available [14] . Briefly, to calculate DII for the participants of this study, their dietary data were first linked to the regionally representative world database that provided a robust estimate of a mean and SD for each parameter [13] . These then become the multipliers to express an individual's exposure relative to the 'standard global mean' as a z-score. This is achieved by subtracting the 'standard global mean' from the amount reported and dividing this value by the SD. To minimize the effect of 'right skewing' (a common occurrence with dietary data), this value is then converted to a centered percentile score. The centered percentile score for each food parameter for each individual was then multiplied by the respective food parameter effect score, which is derived from the literature review, in order to obtain a food parameter-specific DII score for an individual. All of the food parameter-specific DII scores are then summed to create the overall DII score for every participant in the study [13] . A total of 27 food parameters were available from the FFQ and therefore could be used to calculate DII (carbohydrate, protein, total fat, fiber, cholesterol, saturated fat, mono-unsaturated fat, poly unsaturated fat, omega-3, omega-6, niacin, thiamin, riboflavin, vitamin B12, vitamin B6, iron, magnesium, selenium, zinc, vitamin A, vitamin C, vitamin D, vitamin E, folic acid, beta carotene, onion and pepper).
Statistical Analyses
The DII was analyzed both as a continuous variable and as a dichotomous variable, categorized based on the median value of the DII (+1.43). DII (as dichotomous) was examined across the following characteristics: age, sex, season of birth, BMI, smoking, history of rubella, cow milk consumption (within 2 first years of life) and history of routine exercise using Student t test or χ 2 test for continuous and categorical variables, respectively. ORs and 95% CIs were estimated using logistic regression models, adjusting only for age, and then fitting a model with additional adjustment for sex, BMI, season of birth, rubella history, history of routine exercise before MS, smoking and history of consumption of cow's milk in the first 2 years of life. Statistical tests were performed using SAS ® 9.3 (SAS Institute Inc., Cary, N.C., USA); all p values were based on 2-sided tests.
Results
The DII score in this study ranged from -2.48 (most anti-inflammatory score) to +4.17 (most pro-inflammatory score). Table 1 shows the distribution of 68 cases of MS and 140 controls according to selected variables. By design, age and sex distributions were similar in cases and controls. Among cases, there were proportionally many more women than men (83.8 vs. 16.2%). Compared to controls, more cases were fed cow's milk in infancy. A higher percentage of cases (25%) were born in autumn compared to controls (13%). The mean DII value among cases was 1.87 (SE 0.16) and among controls it was 1.20 (SE 0.14), indicating a more pro-inflammatory diet for cases ( table 1 ) .
Control characteristics across categories of DII are provided in table 2 . There were some differences in sociodemographic factors and lifestyle habits across DII categories. In particular, participants in DII >1.43 category were more likely to be men and current smokers, less likely to have a history of cow milk consumption within the first 2 years of life and less likely to have a history of routine exercise before the diagnosis of MS. However, the results were not significant except for history of routine exercise before the diagnosis of MS (p value = 0.03).
ORs and 95% CIs for the risk of MS are shown in table 3 . Results obtained from modeling DII scores as a continuous variable in relation to risk of MS showed a positive association after adjustment for age (OR 1.32; 95% CI 1.09-1.61) and in the multivariate analyses (OR 1.66; 95% CI 1.19-2.31). When analysis was carried out with DII expressed as a dichotomous variable and adjust- 
Discussion
In this case-control study, we found that subjects with higher DII scores (i.e., those who had the most pro-inflammatory diets) were at increased risk of developing MS, a result supporting our hypothesis that consuming a more pro-inflammatory diet is associated with an increased risk of MS.
Consumption of food items such as vegetables and fruits have been shown to reduce inflammation [26] , while others, such as red and processed meat, increase inflammation [27] . Indeed, in this case-control study, a healthy nutrient pattern characterized by high consumption of riboflavin, vitamin D, zinc, linolenic acid, vitamin C, b-carotene and vitamin A showed protective effects on MS [22] . By contrast, in the same study, no significant association was observed with nutrient patterns rich in thiamin, selenium, niacin, magnesium, poly unsaturated fatty acid, mono-unsaturated fatty acid, vitamin E and saturated fat [22] . Vitamin D has consistently been shown to be protective against MS [7, 10] . In a 2005 review paper reporting the findings on the association between various nutrients and MS, vitamin D and vitamin B12 were found to be protective against MS, whereas inconsistent results were reported for selenium, omega-3 and omega-6 fatty acids and several other antioxidant vitamins and compounds [7] . In another case-control study conducted in Iran looking at various dietary patterns and risk of MS, a traditional dietary pattern was inversely related to the risk of MS (OR 0.15; 95% CI 0.03-0.18; p = 0.028) [12] . A similar inverse relationship was noted between MS risk and lacto-vegetarian and vegetarian patterns (OR 0.31; 95% CI 0.12-0.82; p = 0.018 and OR 0.42; 95% CI 0.19-0.90; p = 0.026, respectively) [12] . In contrast, the prevalence of MS was higher in those who had a high animal fat dietary pattern [12] . Similarly, previous studies that have examined the effect of specific food items on MS; i.e., in a large cohort study conducted among women in the USA, no associations were observed for fruits, vegetables, coffee and alcohol [8, 11] . A limitation of this approach is that these foods or nutrients are usually consumed in combination; thus, dietary correlations may attenuate or accentuate the real effects of each food or nutrient under study. In formulating the DII, a different approach was taken by focusing on the functional effects of foods and nutrients. As such, it relies on reviewing and scoring of the peer-reviewed literature on the subject of diet and inflammation. Moreover, it standardizes individuals' dietary intakes of pro-and anti-inflammatory food constituents to world referent values, which results in values that are not dependent on idiosyncrasies of the units of consumption (e.g., simply expressing exposure in micrograms instead of milligrams) and can be used for comparison across studies.
One of the possible mechanisms for the observed direct association of the DII with MS is through the effect of pro-inflammatory diet on the levels of various inflammatory cytokines, such as vascular cellular adhesion molecule (VCAM), and T and B lymphocytes, all of which appear to be important components in the development of MS. An early event in this process is the binding of the lymphocyte integrin α4 β1 (VLA-4) to VCAM-1 on the brain vascular endothelium, which results in the transmigration of leucocytes (including T lymphocytes, but also monocytes and other immune cells) into the CNS. This forms a crucial step because, on entering CNS, these lymphocytes lead to the formation of new inflammatory demyelinating lesions [1] .
Strengths and Limitations
There are several strong points that should be considered in evaluating our study. It is the first study in Iran to explore the association between the inflammatory properties of diet and MS. The total participation rate for the both case and control groups was above 85%. Additionally, we were able to conduct the study in a province with a high point prevalence of MS. To minimize selection bias, individuals in the control group were selected only from patients with conditions not related to diet or other major risk factors of MS. Besides these notable strengths, there are certain weaknesses that need to be considered. First, errors in self-reported dietary intake may lead to distortion of results. We know that such estimates may be plagued by disease-independent response sets, such as social approval and social desirability [28] [29] [30] . These were neither measured in the study nor do we know how they would function in Iranian culture. Such measurement errors may result in residual confounding [31, 32] . Second, as with other case-control studies, disease-specific recall bias and selection bias may exist. For example, in case-control studies, there is the possibility that cases may recall their diets differently after a disease diagnosis [33] [34] [35] . However, in order to reduce the possibility of recall bias, only newly incident cases were enrolled as participants in our study. There also is the possibility that individuals would change diet as a consequence of their disease. Our strategy of recruiting only newly incident MS patients was meant minimize this problem. However, we cannot eliminate it entirely. Moreover, using hospital controls and administering validated FFQs by trained interviewers in a hospital setting might have further reduced recall bias and improved comparability of information across cases and controls. Another limitation is the non-availability of appropriate data on physical activity. Future work should capture duration, frequency and intensity of physical activity, which is known to play a major role in modulating inflammation [36] .
In conclusion, results from our study showed that subjects who consumed a more pro-inflammatory diet were at increased odds of having MS compared to those who consumed a more anti-inflammatory diet. However, more studies are required to confirm this association.
